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A b s t r a c t . Monthly f i e l d s of s e a s u r f a c e temperature and wind s t r e s s f o r t h e t r o p i c a l A t l a n t i c a r e constructed f o r January 1964 t o December 1979. I n s i d e t h e Gulf of Guinea t h e amplitude of t h e seasonal v a r i a b i l i t y of SST ranges between 2.5 and 4 times g r e a t e r than t h e i n t e r a n n u a l v a r i a b i l i t y . I n t h e remainder of t h e e q u a t o r i a l A t l a n t i c t h i s measure i s l e s s than 2.
Standard d e v i a t i o n s of wind s t r e s s anomalies i n d i c a t e t h a t , except near t h e I n t e r t r o p i c a l
Convergence Zone, t h e magnitude of i n t e r a n n u a l f l u c t u a t i o n s a r e g r e a t e r than seasonal ones. The j o i n t a n a l y s e s of t h e s e SST and wind s t r e s s f i e l d s i n d i c a t e t h e l a r g e s t p o s i t i v e SST anomaly i n t h e Gulf of Guinea ( J u l y , 1968) was immediately preceded by t h e only r e v e r s a l of t h e t r a d e winds west along t h e equator.
I n t r o d u c t i o n
It is now commonly accepted t h a t t h e i n t e r a n n u a l v a r i a b i l i t y i n the t r o p i c a l oceans can have d e v a s t a t i n g e f f e c t s on t h e f i s h e r i e s and c l i m a t e of the surrounding c o u n t r i e s . Such v a r i a b i l i t y could b e d e f i n e d as a phase s h i f t o r an enhancement of t h e normal seasonal cycle o r as a n event d i s a s s o c i a t e d from t h i s cycle. The t r o p i c a l A t l a n t i c Ocean i s considered as a prime region t o study s e a s o n a l low-latitude oceanic v a r i a t i o n s because of t h e dominance of the annual frequency. This a s s e r t i o n i s p r i m a r i l y based on t h e analyses of s e a s u r f a c e temperature (SST) observations i n the Gulf of Guinea by Merle e t a l . (1980) and t h e o r e t i c a l s t u d i e s of t h e adjustment time scale of the b a s i n (Philander, 1979 ; Cane and Sarachik, 1981) . S i x t e e n years of t r o p i c a l A t l a n t i c SST and wind s t r e s s f i e l d s have been compiled, gridded and s t a t i s t i c a l l y analysed t o provide a more thorough e s t i m a t e of the i n t e r a n n u a l v a r i a b i l i t y r e l a t i v e t o t h e seasonal v a r i a b i l i t y .
Data Processing
I n p r e p a r a t i o n f o r t h e FOCAL experiment a l l t h e i n d i v i d u a l s h i p observations f o r t h e t r o p i c a l A t l a n t i c Ocean archived a t the National Climatic Ceñtër have been obtained through December 1979. The 10,w number of observations i n t h e Southern Hemisphere l e d us t o choose a study a r e a extending from 2'0's t o 30'N. The p r e s e n t work covers t h e period 1964-1979 and i s based on n e a r l y 2 m i l l i o n observations.
The f i r s t processing s t e p was t o compute monthly averag s of SST and wind s t r e s s f o r each 2" l a t i dimensionally c o r r e c t value of t h e wind s t r e s s TX and TY would be m u l t i p l i e d by an a i r d e n s i t y and drag c o e f f i c i e n t . Next t h e d a t a w i t h i n each g r i d box were s u b j e c t e d t o a s t r i n g e n t series of q u a l i t y c o n t r o l t e s t s . F i n a l l y , an o b j e c t i v e a n a l y s i s method based on Cressman (1959) was used t o o b t a i n a d a t a base of monthly averaged SST and wind s t r e s s components o n a 2' x 2" g r i d .
V a r i a b i l i t y of SST and Wind S t r e s s
The 16 years of gridded SST and wind stress r e s u l t i n g from t h e o b j e c t i v e a n a l y s i s provide an opportunity t o j o i n t l y analyze t h e s e a s o n a l and i n t e r a n n u a l v a r
i a b i l i t y of each f i e l d throughout t h e b a s i n . The s t a n d a r d d e v i a t i o n of t h e 12 months f o r t h e mean seasonal c y c l e i s used a s a measure of t h e seasonal v a r i a b i l i t y and t h e standard d e v i a t i o n of t h e 192 monthly d e p a r t u r e s from t h a t seasonal c y c l e i s used a s a measure of
t h e i n t e r a n n u a l v a r i a b i l i t y . To determine what p o r t i o n of t h e seasonal c y c l e has t h e l a r g e s t i n t e r a n n u a l v a r i a b i l i t y , t h e s t a n d a r d d e v i a t i o n about t h e mean of a p a r t i c u l a r month over 16 years i s c a l c u l a t e d .
Seas onal Variab i 1 i t y
The standard d e v i a t i o n s of t h e mean y e a r f o r SST and zonal wind s t r e s s a r e presented i n Figures l a and 2a. Regions of maximum amplitude (1.5-3.5"C) ;orrespond t o t h e s e a s o n a l upwelling zones along t h e c o a s t s of Mauritania and Senegal (NB A f r i c a ) , the northern and s o u t h e r n c o a s t s of the Gulf of Guinea and along t h e equator n e a r 1O"W. The l o c a t i o n of t h e minimum SST v a r i a b i l i t y , coincident with t h e thermal equator, i s obvious between O" and 7"N. Poleward of 25'N mid-latitude s e a s o n a l changes begin t o appear.
The regions of maximum zonal ( Figure 2a ) and meridional (not shown) wind s t r e s s v a r i a b i l i t y a r e contained w i t h i n an envelope defined by t h e s e a s o n a l excursion of t h e I n t e r t r o p i c a l Convergence Zone (ITCZ). The maxima of t h e zonal wind s t r e s s f l u c t u a t i o n s (10-15 m2sm2) s t r a d d l e t h e mean p o s i t i o n of t h e ITCZ whereas t h e l a r g e s t d e v i a t i o n s of t h e meridional wind s t r e s s (15-20 m2s-2) occur along t h i s l i n e . I n t e r a n n u a l V a r i a b i l i t y The s t a n d a r d d e v i a t i o n of i n t e r a n n u a l changes i n SST i s depicted i n Figure Ib . The i n t e r a n n u a l v a r i a b i l i t y i s maximum-in regions where t h e amplitude of t h e s e a s o n a l s i g n a l i s l a r g e , e.g. t h e seasonal upwelling zones. I n o r d e r t o i l l u s t r a t e t h e time h i s t o r y w i t h i n the.se zones monthly SST anomalies a r e presented f o r an upwelling r e g i o n o f f t h e c o a s t of northwest A f r i c a and a n o t h e r on the e q u a t o r .
Along t h e c o a s t s of Mauritania and Senegal t h e mean s e a s o n a l s i g n a l i s predominantly annual with an amplitude of 3°C. The d e p a r t u r e s from t h i s s e a s o n a l c y c l e are given i n F i g u r e 3a. The range of t h e monthly SST anomalies i s f 2°C. The 12 s t a n d a r d d e v i a t i o n s of t h e anomalies about each monthly mean i n d i c a t e t h e r e i s very l i t t l e y e a r t o y e a r change i n the naximum temperature of t h e w a r m season t h a t occurs i n July-November. Most of t h e i n t e r a n n u a l v a r i a b i l i t y i s a s s o c i a t e d with changes i n t h e amplitude, timing and d u r a t i o n of t h e c o l d season. The p e r i o d of most p e r s i s t e n t anomalies was 1968-1970 when SST was lower t h a n normal i n 1968 and t h e cold seasons o f t h e following two y e a r s had SST h i g h e r than u s u a l . s t r i p along t h e e q u a t o r are p r e s e n t e d i n F i g u r e 3b. The extreme temperature anomalies occurred i n 1967 (-1.
5'C) and 1968 (+2OC). A b r i e f d i s c u s s i o n of the 1968 event i s provided i n t h e l a s t s e c t i o n . The s t a n d a r d d e v i a t i o n of t h e anomalies i n F i g u r e 3b c a l c u l a t e d about each month of t h e mean s e a s o n a l c y c l e i n d i c a t e s t h e l a r g e s t i n t e r a n n u a l f l u c t u a t i o n s happen d u r i n g June and J u l y . I n r e l a t i o n t o t h e s e a s o n a l c y c l e t h e s e a r e t h e two months preceding t h e SST minimum of August. Throughout t h i s 16-year r e c o r d t h e r e a r e several examples of p e r i o d s i n which t h e SST anomalies p e r s i s t f o r g r e a t e r than 12 months. Hence such anomalies cannot b e t h e r e s u l t
Monthly SST anomalies f o r a 12" l o n g i t u d e of a s i m p l e s h i f t i n phase of t h e mean s e a s o n a l c y c l e . s t r e s s i s p r e s e n t e d i n F i g u r e 2b. Unlike SST, regions of s i g n i f i c a n t i n t e r a n n u a l wind stress f l u c t u a t i o n s do n o t n e c e s s a r i l y c o i n c i d e w i t h t h e regions of maximum s e a s o n a l v a r i a b i l i t y . The l a r g e s t y e a r t o y e a r changes i n the zonal wind stress (12-18 m2sb2> a r e a t the poleward extremes of t h e study a r e a . This i n t e r a n n u a l s i g n a l i s a s s o c i a t e d with m u l t i p l e low p r e s s u r e p a t t e r n s propagating i n each w i n t e r hemisphere. A t lower l a t i t u d e s t h e s t a n d a r d d e v i a t i o n o f t h e i n t e r a n n u a l v a r i a b i l i t y i s less t h a n 4 m2s-' i n t h e Gulf of Guinea and between 4 and 8 m2s-2 i n t h e remainder of t h e e q u a t o r i a l A t l a n t i c .
Previous t h e o r e t i c a l i d e a s , a n a l y s e s o f h i s t o r i c a l d a t a , and modelling c a l c u l a t i o n s (Moore e t a l . , 1978 ; S e r v a i n e t a l . , 1982 ; Busalacchi and P i c a u t , 1983) s u g g e s t t h e zonal wind s t r e s s west of t h e Gulf of Guinea may have an important impact on t h e v a r i a b i l i t y i n t h e e q u a t o r i a l A t l a n t i c Ocean. Figure 4 d e p i c t s t h e monthly anomalies of t h e zonal wind s t r e s s along t h e equator west of 20"W. This t i m e series i s c h a r a c t e r i z e d by e q u a t o r i a l e a s t e r l i e s weaker t h a n normal f o r 1964-1968 and s t r o n g e r than normal f o r 1976-1979. I n 1966 and 1968 t h e e q u a t o r i a l e a s t e r l i e s were a t l e a s t 10 m2s-2 weaker than t h e s e a s o n a l mean.
For a s h o r t p e r i o d i n 1976 t h e zonal wind s t r e s s was 18 I I -I~S -~ s t r o n g e r than normal. Analysis of t h i s time series
The i n t e r a n n u a l v a r i a b i l i t y of t h e zonal wind (b) Monthly SST anomalies month by month i n d i c a t e s t h e l a r g e s t i n t e r a n n u a l f l u c t u a t i o n s are i n June. Vith r e f e r e n c e t o t h e s e a s o n a l cycle, June r e p r e s e n t s t h e mid-point o f t h e s e a s o n a l i n t e n s i f i c a t i o n of t h e zonal wind s t r e s s .
Comparison of Seasonal t o I n t e r a n n u a l V a r i a b i l i t y A measure of t h e amplitude of t h e s e a s o n a l s i g n a l with r e s p e c t t o i n t e r a n n u a l changes can b e obtained by forming t h e r a t i o of t h e s t a n d a r d d e v i a t i o n of t h e s e a s o n a l v a r i a b i l i t y (Figures l a  and 2a) t o t h e s t a n d a r d d e v i a t i o n of t h e i n t e r a n n u a l v a r i a b i l i t y (Figures l b and 2b ). High v a l u e s of t h e r a t i o of t h e s e a s o n a l t o i n t e r a n n u a l SST changes a r e obviously found i n t h e regions where t h e annual s i g n a l i s important, i . e . n o r t h of 20"N, i n t h e v i c i n i t y of s e a s o n a l c o a s t a l upwelling r e g i o n s and i n s i d e t h e Gulf of Guinea. For t h i s l a s t a r e a t h e SST r a t i o i s g r e a t e r than 2 . 5 and less than 4. These r e s u l t s complete those of Merle e t a l . (1980) who have used t h e Dakar-Cape Town t r a n s e c t a c r o s s t h e Gulf of Guinea and s t u d i e d t h e i n t e r a n n u a l v a r i a b i l i t y only f o r t h e months of February and August. The r a t i o of t h e s e a s o n a l t o i n t e r a n n u a l SST v a r i a b i l i t y i n t h e i r work was r e p o r t e d t o b e between 4 and 5. However i t should b e noted t h a t February and August are two months i n which. i n t e r a n n u a l SST changes i n t h i s a r e a a r e m a l l . For t h e o t h e r p a r t s of t h e e q u a t o r i a l A t l a n t i c Ocean t h e r e s u l t s of t h e p r e s e n t s t u d y i n d i c a t e t h e SST r a t i o i s less t h a n 2. The r a t i o s of t h e s e a s o n a l t o i n t e r a n n u a l v a r i a b i l i t i e s f o r b o t h wind stress components are c o n s i s t e n t l y g r e a t e r than 1 only i n t h e v i c i n i t y of t h e ITCZ. For l a r g e regions of t h e b a s i n , i n c l u d i n g t h e e q u a t o r i a l zone, t h i s r a t i o i s less t h a n 1 , implying a s i g n i f i c a n t i n t e r a n n u a l f o r c i n g of t h e t r o p i c a l A t l a n t i c Ocean. The 1968 w a r m e v e n t w i t h i n t h e Gulf of Guinea i s one of t h e most s p e c t a c u l a r episodes t o occur i n t h e t r o p i c a l A t l a n t i c Ocean d u r i n g t h e l a s t few decades (Bakun, 1978 ; Lamb, 1978 ; H i s a r d , 1980 ; Merle, 1980) . Large p o s i t i v e SST d e v i a t i o n s from t h e mean y e a r appeared i n t h e e n t i r e Gulf of Guinea i n May-July, p r i o r t o t h e normal c o l d season. The maximum anomaly was i n J u l y , g r e a t e r than 2.5"C, c e n t e r e d along t h e e q u a t o r n e a r 10"W ( F i g u r e 5 a ) . As c i t e d by t h e above a u t h o r s t h e appearance of t h e high SST was c o i n c i d e n t w i t h an e x c e s s i v e southward displacement of t h e I T C Z . S e r v a i n (1984) shows a r e v e r s a l of t h e t r a d e winds along t h e e q u a t o r n e a r 30"W approximately one month b e f o r e t h e appearance of maximum p o s i t i v e SST anomalies i n t h e Gulf of Guinea. 
